Purpose The aim of this study is to evaluate the outcomes of in vitro fertilization (IVF), including cumulative live birth rate, among women <25 years, 25 to <30 years, and 30 to <35 years. Methods A retrospective cohort study of all women 18 to <35 years of age at their first fresh-embryo, non-donor IVF cycle from January 1995 through December 2012 at a single center was conducted. A competing-risk regression model was used to estimate the cumulative probability and 95 % confidence interval (CI) of the first live birth in up to 6 cycles during the study period with IVF cycle number as the time metric. Results Among 7243 women who underwent 16,792 cycles, there were 163 (2.3 %) women <25 years, 1691 (23.3 %) women 25 to <30 years, and 5389 (74.4 %) women 30 to <35 years. Women <25 years had the lowest cumulative live birth rate after each cycle, followed by women 30 to <35 years. In both groups, the cumulative live birth rate after 6 cycles was significantly lower than that of women 25 to <30 years; these rates were 58 % (95 % CI 0.51-0.66) among women <25 years, 69 % (95 % CI 0.67-0.71) among women 25 to <30 years, and 64 % (95 % CI 0.63-0.65) among women 30 to <35 years. Conclusions Our findings are consistent with other reports of less favorable IVF treatment outcomes in women <25 years of age following their first IVF cycle. This indicates that there are underlying factors in couples with a female <25 years of age that should lead to different treatment counseling when they attempt IVF.
Introduction
There is little dispute that advancing maternal age results in decreased fertility. While several large studies have reported age-specific outcomes of in vitro fertilization (IVF), the primary interest is generally on outcomes among older women. Thus, narrower age ranges are used for older women, and no further stratification is presented for women less than 35 years of age. This is consistent with the way data are presented by the Society for Assisted Reproductive Technologies (SART).
Malizia et al. reported cumulative live birth rates among 6164 women undergoing IVF stratified into the following age groups: <35 years, 35 to <38 years, 38 to <40 years, and ≥40 years. As expected, cumulative live birth rates decreased with increasing maternal age [1] . Similar results were reported by Luke et al. in a more recent study [2] .
While advanced maternal age has clearly been associated with a decline in cumulative live birth rates in patients older than 35, the reproductive performance of women younger than 35 has been less well investigated. Based on the available data, most physicians assume that young women should produce the healthiest oocytes and have the best treatment outcomes. Interestingly, some small studies have suggested that this may not be the case [3, 4] . Nazemian et al. compared IVF treatment outcomes among young infertile patients 19-25 years of age to outcomes in infertile patients 30-35 years of age. Patients age 25 and younger had a lower fertilization rate, a reduced number of good quality embryos, and a higher miscarriage rate, though their clinical pregnancy rates were similar to their older counterparts [3] . Although this study only included 89 patients 25 years or younger and only reported outcomes after the first cycle, it raised an interesting question about the reproductive performance of very young women. An intriguing report by Franasiak et al. also showed that even though aneuploidy increased predictably in the embryos of women after 26 years of age, a slightly increased prevalence was noted at younger ages, with >40 % aneuploidy in women 23 years and under [5] . Additionally, 2009 national data from Australia and New Zealand revealed that women aged 25-32 years had the highest live birth rates, while women in their early 20s had a lower live birth rate [4] .
In this study, we report outcomes following IVF at a single center, including the cumulative live birth rate, among women less than 35 stratified into the following three age groups: <25 years, 25 to <30 years, and 30 to <35 years.
Materials and methods
We performed a retrospective cohort study of all patients who were 18 to <35 years of age at the start of their first freshembryo, non-donor IVF cycle from January 1995 through December 2012. Data were collected prospectively for clinical purposes. Subsequent frozen-embryo transfer cycles were included as distinct cycles [1, 6] . We included up to six freshand frozen-embryo transfer cycles for all eligible women. Although numerous clinical (e.g., type of follicle stimulating hormone, luteal support) and laboratory (e.g., embryo culture media, day of freezing) changes occurred during the study period, there was no indication that the age cohorts were treated differently over time.
We collected baseline demographic characteristics, cycle characteristics, and cycle outcomes, including clinical pregnancy, spontaneous abortion, and live birth from the medical record. Pregnancy was confirmed by rising serum ß-human chorionic gonadotropin and fetal heartbeat seen on ultrasound.
Patients underwent treatment protocols for ovarian stimulation, monitoring, and oocyte retrieval as previously described [7] . The number of embryos transferred into the uterus was consistent with national guidelines [8] and decreased in the <35 age groups from a mean of approximately 2.5 to 1.7 during the study period (unpublished data). Patients received luteal phase support until 8 weeks of gestation [7] . Intracytoplasmic sperm injection (ICSI) and assisted hatching were performed when indicated.
Prior to the transfer of cryopreserved embryos, patients received exogenous estradiol with or without a GnRH agonist as previously described [1] . Transvaginal ultrasound was used to evaluate the endometrial lining. Once the lining was noted to be ≥7 mm, luteal phase support was started either 4 days prior to a day-3 embryo transfer or 6 days prior to a blastocyst transfer. Patients received luteal phase support until 10 weeks of gestation.
Descriptive data are presented as mean±standard deviation or proportion and were compared using a t test or chi-square test. All tests were two-sided, and a p value <0.05 was considered statistically significant. All statistical analyses were conducted with SAS 9.3 (SAS Institute, Cary, NC) and Stata12 (StataCorp, College Station, TX).
Each woman in the study population experienced one of three possible outcomes-achieving a live birth, completing six IVF cycles without having a live birth, or not returning to care before either of the first two outcomes occurred. The women who did not have a live birth and did not return for further treatment included those who opted to pursue oocyte donation and/or gestational carrier, transferred care to another treatment center, had a spontaneous pregnancy, or discontinued all IVF treatments before completing six IVF cycles. Not returning to care was treated as a competing risk in the analysis. A competing-risk regression model was used to compute the cumulative incidence function to estimate the cumulative probability and 95 % confidence interval (CI) of the first live birth during the study period with IVF cycle number as the time metric [9] . This provides a more conservative estimate of cumulative live birth rates than the KaplanMeier approach, in which women who do not return to care are censored at the time of their last IVF cycle. When the only competing risk is not returning to care and all of the censored observations are women who did not return to care, as is the case with the dataset used here, the competing risk approach is mathematically equivalent to the Bconservative^estimate we and others presented previously [1, 2] . Cumulative live birth rates were calculated for the full cohort and for the following age strata: <25 years, 25 to <30 years, and 30 to <35 years. When the cumulative incidence function curves were stratified by age, the Pepe-Mori test was used to compare the curves [10] . As we have done elsewhere, we used the term cumulative live birth rate despite it being a proportion rather than a rate, to remain consistent with terminology used throughout the literature [1, 6] .
The Committee on Clinical Investigations at Beth Israel Deaconess Medical Center approved this study.
Results

Baseline and cycle characteristics
This study included 7243 women <35 years at the start of their first cycle who underwent 16,792 non-donor IVF cycles at a single center. There were 163 (2.3 %) women <25 years; 1691 (23.3 %) women 25 to <30 years; and 5389 (74.4 %) women 30 to <35 years. There were no differences in BMI or year in which the first cycle was performed across the three age groups. Women <25 years were more likely to be nulligravid and nulliparous and had a lower level of cycle-day-3 follicle stimulating hormone than women in the two older age groups, though these differences were statistically significant only when compared with women 30 to <35 years (all p≤0.02). Baseline characteristics are shown in Table 1 .
Infertility diagnoses as reported to SART are also shown in Table 1 . Male factor infertility and unexplained infertility were common diagnoses across all age groups in this study. Compared with women 30 to <35 years, women <25 years were more likely to have a diagnosis of male factor infertility and less likely to have unexplained infertility and endometriosis (all p≤0.01). Interestingly, there were no notable differences in the prevalence of tubal factor infertility, ovulatory dysfunction, diminished ovarian reserve, or uterine factor infertility when comparing the youngest age group with each of the two older age groups (all p≥0.10).
In their first IVF cycle, women <25 years utilized ICSI more frequently, indicating a higher prevalence of male factor infertility, and used lower total doses of gonadotropins than women in each of the older age groups (both p≤0.02), but peak estradiol levels were similar (both p≥0.19). Although the number of oocytes retrieved was not significantly different, the fertilization rate was substantially lower for women <25 years than for their older counterparts (both p<0.001). Compared with each of the older age groups, the mean number of embryos transferred was lower for women <25 years (both p≤0.02), though embryo transfer day did not differ between any of the groups (both p≥0.87). In addition, women <25 years were more likely to undergo a single embryo transfer with their first IVF cycle than older women, though this difference was significant only when compared with women 25 to <30 years. In all age groups, fewer than 2 % of cycles underwent preimplantation genetic screening or diagnosis, and these proportions did not differ between the groups at the first cycle (both p≥0.56). Use among the youngest age group remained below 2 % in subsequent cycles, while use among women 25 to <30 years and 30 to <35 years peaked at 4.8 % in the fifth cycle and 6.0 % in the sixth cycle, respectively. Clinical characteristics of the first IVF cycle stratified by age are reported in Table 2 . The utilization of ICSI and assisted hatching, as well as the total dose of gonadotropin medications used, the number of embryos transferred, and the proportion of fresh cycles in which no embryos were cryopreserved tended to increase with subsequent cycles in each of the age groups. The peak estradiol level and the number of oocytes retrieved remained relatively stable across all 6 cycles. Clinical characteristics stratified by IVF cycle for women <25 years, 25 to <30 years, and 30 to <35 years are reported in Table 3 .
Cycles without ICSI
In order to assess whether the higher prevalence of male factor infertility explained the lower fertilization rate in women <25 years, we restricted the analysis of fertilization rate in the first IVF cycle to women without a diagnosis of male factor infertility and for whom routine IVF insemination was used. For the 75 cycles among women <25 years, the fertilization rate was 65.7±33.2, while it was 74.8±32.3 for the 941 cycles among women 25 to <30 years and 75.8±33.3 for the 3220 cycles among women 30 to <35 years. The fertilization rate was significantly lower for the youngest age group compared with women 25 to <30 years (p=0.02) and women 30 to <35 years (p=0.01).
Pregnancy and live birth outcomes
In this cohort of women <35 years, 5445 (75.2 %) achieved a clinical pregnancy, 4720 (65.2 %) experienced a live birth, and 2202 (30.4 %) did not return for treatment before achieving a live birth or completing 6 cycles. Among the live births, there were 3160 (66.9 %) singletons, 1442 (30.6 %) sets of twins, 117 (2.5 %) sets of triplets, and 1 (0.02 %) set of quadruplets.
Outcomes of the first IVF cycle were similar across the three age groups. There were no significant differences with regard to the likelihood of cycle cancelation before oocyte retrieval, embryo transfer, or implantation rate. Likewise, in the first IVF cycle, the incidence of clinical pregnancy, spontaneous abortion, and live birth per cycle start and per transfer were not significantly different among the age groups. Of the women who conceived in the first IVF cycle, the incidence of multiple live born infants was similar across the three age groups (both p≥0.69). Table 4 presents outcomes of the first IVF cycle stratified by age. Table 5 shows the number of women undergoing an oocyte retrieval and embryo transfer in each cycle, as well as the incidence of clinical pregnancy and live birth for each cycle among women <25 years, 25 to <30 years, and 30 to <35 years. Women <25 years consistently had the lowest cumulative live birth rate after each cycle, followed by women 30 to <35 years (Table 6 ). For both the youngest and oldest age groups, the cumulative live birth rate after 5 cycles and after 6 cycles was significantly lower than the cumulative live birth rate for women 25 to <30 years. Among women <25 years, the cumulative live birth rate after 6 cycles of IVF was 58 % (95 % CI 0.51-0.66). The cumulative live birth rate after 6 cycles of IVF was 69 % (95 % CI 0.67-0.71) among women 25 to <30 years and 64 % (95 % CI 0.63-0.65) among women 30 to <35 years. The mean number of cycles was similar for women <25 years (2.3±1.6), women 25 to <30 years (2.1± 1.5), and women 30 to <35 years (2.2±1.5). Table 6 reports the cumulative live birth rates for the full cohort and for each age strata.
The age-specific cumulative live birth rates are graphically represented in Fig. 1 and demonstrate a significantly higher likelihood of live birth among women 25 to <30 years compared with women 30 to <35 years (p=0.007). Although women <25 years experienced an even lower cumulative live birth rate than women in the two older age groups, the overall curve for women <25 years was not significantly different from the curves for women 25 to <30 years (p=0.10) and women 30 to <35 years (p=0.45).
Discussion
In women <35 years who underwent IVF, we found that the cumulative live birth rate after 6 cycles was significantly lower for women <25 years than for women 25 to <30 years. Women 25 to <30 years also had a significantly higher cumulative live birth rate after 6 cycles than women 30 to <35 years. When comparing the overall cumulative live birth rate curves in the two older age groups, women 25 to <30 had significantly better outcomes. Despite the larger discrepancy in live birth rates between women <25 years and those 25 to <30 years, the sample size in the youngest age group was relatively small, and thus the comparison did not reach statistical significance-despite statistically significant differences in cumulative live birth rates after 5 and 6 cycles. a Denominator is the number of women eligible to return for that cycle (the number of women in the previous cycle minus the number of women with a pregnancy resulting in a live birth) b Denominator is the number of women in the cycle cohort
Our findings are consistent with reports of less favorable IVF treatment outcomes in women <25 years undergoing their first IVF cycle [3, 4] . This finding challenges our assumption that young women produce the healthiest embryos. Here, women <25 years had a significantly lower fertilization rate in the first IVF cycle compared with women in the older age groups. This raises the question of whether there is an inherent issue with either the oocytes from these very young women and/or is it the male component that is driving the poorer outcomes.
Nazemian et al. speculated that ovarian stimulation in very young women may result in the retrieval of oocytes that have already activated a cell death program, which could explain the lower fertilization rates, increased fragmentation rates, and poorer reproductive outcomes seen among women <25 years [3] . Munne et al. reported that only 43 % of embryos from young oocyte donors were chromosomally normal, with almost one third of patients having less than 30 % normal embryos, therefore offering some explanation as to why very young women may have less favorable outcomes [11] . Interestingly, our results in the <25 age group coincide with the report by Franasiak et al., who reported a slightly increased aneuploidy prevalence in embryos from young women, with >40 % aneuploidy in women ≤23 years, while women aged 26 to 37 were the least likely to have no euploid embryos [5] . However, we cannot assume that the poorer outcomes seen in younger women are due solely to their younger age, as couples with women <25 years were significantly more likely to be diagnosed with male factor infertility. We attempted to account for this by restricting the analysis of fertilization rate to those couples without apparent male factor infertility and for whom routine IVF insemination was used. Even in this restricted sample, women <25 years still had a significantly lower fertilization rate compared to each of the two older age groups. This still could suggest that oocytes in the youngest age group may have poorer reproductive outcomes, though this contradicts findings from a recent study [12] .
Other non-biological factors may play into the observation that women <25 years had a lower cumulative pregnancy rate. Perhaps, very young women have less favorable outcomes because providers take a less aggressive approach due to concerns regarding an over response to injectable gonadotropins, as well as multiple gestation. In this study, in the first IVF cycle, women <25 years did receive a significantly lower dose of injectable gonadotropins compared with both of the older age groups, although peak estradiol and the number of oocytes retrieved were similar across the three groups, making Fig. 1 Cumulative incidence curves for live birth stratified by age at the start of the first IVF cycle. The figure shows the cumulative probability of live birth stratified by age at the start of the first fresh, non-donor IVF cycle. The solid lines are the cumulative incidence curves, and the shaded bands are the 95 % confidence intervals medication dosing an unlikely explanation for poorer outcomes in women <25 years. In the first IVF cycle, women <25 years were significantly more likely than women 25 to <30 years to have a single embryo transfer. This may play a role in the lower clinical pregnancy rates seen among women in the youngest age group; however, these women were also noted to have a lower, albeit not statistically significant, implantation rate when compared with the older two age groups. The strengths of this study include the relatively large cohort of younger women undergoing their first fresh IVF cycle, prospectively collected clinical data, and the calculation of cumulative rather than per-cycle live birth rates. Despite 18 years of data and more than 7000 women 25 to <35 years, we had only 163 women in the youngest age group. Although women <25 years have a lower cumulative live birth rate at the end of 5 and 6 cycles, the cumulative incidence curves are not significantly different owing to the smaller discrepancy in live birth rates at earlier IVF cycles and limited power due to the small number of women <25 years who utilize IVF. Finally, while clinical practices have changed during the 18-year study period, we do not have evidence that practices were altered differentially across the age groups in the study. This is supported by our finding that the day of embryo transfer and the use of preimplantation genetic diagnosis did not differ between the groups. Additionally, the year during which women initiated their first IVF cycle was similar across the age groups.
This study suggests that the optimal age for couples with young women using their own oocytes is from 25 to <30 years. It is most likely that the poorer IVF outcomes in very young women (<25 years) may be complicated by the increased presence of male factor infertility and also may indicate an unmeasured paternal component [13] . In addition, our findings of significantly lower fertilization rates among women <25 years with no diagnosis of male factor infertility may contradict the belief that young oocytes can overcome other inherent problems, especially related to the male [12] .
This study highlights the need for additional investigation of the risk factors for poorer IVF outcomes in very young women, in particular when a male component is involved. It also suggests that we may want to reassess how IVF outcomes are reported to SART and consider finer age stratification for data presented in women less than 35 years of age. Finally, it is important that providers are able to appropriately counsel couples in which the woman is very young in order to establish reasonable expectations regarding treatment outcomes.
